ABSTRACT. The androgen receptor (AR) is involved in the differentiation and growth of breast cancer. Genetic markers in the AR gene have a plausible role in modulating the risk of breast cancer. In this study, we studied the association of breast cancer and the trinucleotide repeat polymorphism (CAG)n in exon 1 of the AR gene in 202 patients with breast cancer and 183 healthy controls from our hospital (Yinchuan, China). Repeat lengths were determined by fluorescent DNA fragment analysis using the ABI GeneScan software and DNA sequencing. We detected 17 short tandem repeat alleles in exon 1 in the Han population of Ningxia Province, China. The CAG repeat number ranged from 14 to 31 and the frequency ranged from 0.339 to 24.460%. Generally, (CAG) n repeat lengths <22 were classified as short (S), and those >22 were classified as long (L). No association was found between breast cancer and the S/L (CAG) variants. However, the frequency of the (CAG)25 repeats in the breast cancer group was significantly higher than that 10259 Androgen receptor CAG repeat polymorphisms and breast cancer ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (3): 10258-10266 (2015) in the control group (P = 0.033, odds ratio = 1.790, 95% confidence interval = 1.044-3.069). These findings indicate a role for AR gene (CAG)n variations in breast cancer and might be informative for future genetic or biological studies on breast cancer, although these findings need replication in other populations.
INTRODUCTION
Breast cancer (BC) is the most frequently diagnosed cancer worldwide (Jemal et al., 2011) . In China, BC has surpassed cervical cancer and become the leading cause of cancerrelated deaths among women (Jemal et al., 2011) . The development of BC is a multifactorial and complex process influenced by multiple genetic variants and environmental factors (Nathanson et al., 2001) . It is estimated that approximately one third of the total risk of BC might be attributed to heritable factors such as a polymorphism in the androgen receptor (AR) (Lichtenstein et al., 2000; Haiman et al., 2002) .
AR, a member of the nuclear receptor superfamily, is known to be involved in a complex network of signaling pathways that collectively regulate cell proliferation (Liao and Dickson, 2002; Yeh et al., 2003) . Recently, AR has been used as a useful marker in the classification of BC subtype (Lehmann et al., 2011; Guedj et al., 2012) . In BC, AR is more widely expressed than are estrogen receptor alpha (ER) and progesterone receptor (PR). In the Nurses' Health Study, which involved 2171 women with invasive breast cancer, 77% tissue samples showed positive staining for AR by immunohistochemistry (Lichtenstein et al., 2000) . The significance of AR in human BC is further emphasized by a recent finding, which reported that AR could be targeted therapy in estrogen receptor negative breast tumors (Ni et al., 2011) . It has been reported that loss of AR expression is associated with early onset, high nuclear grade, and negative expression of ER, PR, and human epidermal growth factor receptor 2 (HER2) in breast tumors (Agoff et al., 2003; Gonzalez-Angulo et al., 2009 ). However, the mechanisms underlying the contribution of loss of AR expression to breast carcinogenesis remain unclear.
AR is also a family member of the steroid hormone receptors, and functions as a classic ligand-activated intracellular transcription factor as well. The AR protein possesses four distinct functional domains, including a regulatory domain at the amino terminus (AF-1 site), a DNA-binding domain composed of two zinc fingers, a hinge region with a nuclear localization signal, and a C-terminal ligand-binding domain (AF-2 site) (Friedlander and Ryan, 2012) . The DNA-binding domain of the AR binds to androgen response elements in both the promoter and enhancer regions of target genes and creates an active transcription complex upon recruitment of co-regulatory proteins (Friedlander and Ryan, 2012) .
The AR gene is located on chromosome Xq11-12. The AR gene promoter region contains a polymorphic CAG trinucleotide repeat that encodes an uninterrupted polyglutamine tract in the N-terminal domain, ranging from 6 to 39 repeats in healthy individuals (Buchanan et al., 2004) . Shorter CAG repeat length is reported to be associated with increased risk of prostate cancer (Nelson and Witte, 2002) , ovarian cancer (Santarosa et al., 2002) , BC (Haiman et al., 2002; Suter et al., 2003) , and endometrial cancer (Sasaki et al., 2003; Rodriguez et al., 2006) . Further studies should be performed to replicate these findings and to evaluate the effects of this AR variation on the risk of BC.
We hypothesized that CAG repeats in AR might contribute significantly to the predisposition to develop BC. In this study, we investigated this variant in a Chinese population to verify the putative association between AR polymorphism and BC.
MATERIAL AND METHODS

Subjects
This case-control study enrolled 202 unrelated female patients with BC (52.36 ± 4.67 years, means ± standard deviation). The patients were hospitalized in the Department of General Surgery, the First Hospital Affiliated to the Ningxia Medical University (Ningxia, China), between May 2009 and July 2012. The diagnosis of BC in patients was confirmed by histological examination of biopsies or resected tissues. Patients with cervical cancer, ovarian cancer, or other malignancies were excluded. One hundred and eighty-three women (mean age of 54.62 ± 6.55 years) were recruited as healthy controls in the Medical Examination Center of our hospital. Exclusion criteria consisted of taking other prescribed medications that could affect the central nervous system; history of seizures, hematological diseases, or severe liver or kidney damage; smoking; hypertension; or previous use of oral contraceptives. All participants were from a non-genetically related Han Chinese population in the Ningxia Hui Autonomous Region (China). The study was performed according to the Guidelines of the Medical Ethics Committee of our hospital (Yinchuan, China). Written informed consent was obtained from all participants.
Determination of AR CAG repeat polymorphism length
Peripheral blood samples were collected from the enrolled subjects in tubes coated with EDTA. Genomic DNA was extracted from blood leukocytes using the EZNA TM Blood DNA Midi Kit (Omega Bio-Tek, Norcross, GA, USA) according to the manufacturer protocol. The sequences of the primers for amplification of the (CAG)n are as follows: a 6-carboxyfluorescein (FAM)-labeled upstream primer: 5'-GTG CGC GAA GTG ATC CAG A-3', and anti-sense: 5'-GTT CCT CAT CCA GGA CCA GGT A-3' (Figure 1 ). The reaction volume for polymerase chain reaction (PCR) amplification was 12 μL and consisted of the following reagents: 30-100 ng genomic DNA, 2X PCR buffer, 15 mM MgCL 2 , 5 pM primer, and 0.5 U Golden Taq DNA Polymerase (Applied Biosystems (ABI), Foster City, CA, USA). PCR amplification cycle parameters were set as follows: predenaturation at 95°C for 5 min, denaturation at 95°C for 45 s, annealing at 60.5°C for 1 min, and extension at 72°C for 45 s, for a total of 32 cycles, with a final extension at 72°C for 15 min, followed by a hold at 4°C. All the PCR products were purified and sequenced with an ABI Big Dye Terminator (version 3.1) cycle sequencing ready reaction kit and an ABI PRISM 3100 sequencer (Applied Biosystems) in accordance with the manufacturer instructions. The PCR products were analyzed and genotypes determined using an ABI 3730 sequencer equipped with the GeneScan software (Applied Biosystems).
Statistical analysis
All data were analyzed by the SPSS 17.0 software (SPSS Inc., Chicago, IL, USA).and genotype frequencies in the patients and controls were evaluated by the Fisher exact test or the Pearson chi-square test. Unconditional logistic regression was used to calculate the odds ratio (OR) and 95% confidence interval (CI) in independent association between each locus and the presence of BC. Subject age was treated as a covariant for binary logistic regression. P values were calculated based on codominant, dominant for the rare allele, heterosis, and recessive for the rare allele models of inheritance. Models of multiple-logistic regression were used to test the independence of individual allelic effects. 
RESULTS
The (CAG)n repeat distribution did not deviate from Hardy-Weinberg equilibrium for controls. The mean number of (CAG)n repeats did not differ significantly between the patient versus control groups (17.08 and 16.06, P = 0.5). The repeat numbers ranged from 14 to 31 in the samples in this study (Figure 2 ) and the frequency ranged from 0.339 to 24.460%. The dominant allele was (GT)22. The allele distribution histogram of patients with BC was shifted to the right, with longer alleles over-represented in BC (Figure 3) .
In previous studies, (CAG)n repeat lengths of <22 were classified as short (S), and those of 22 and larger were classified as long (L). No association was found between BC and the S/L (CAG) variants (Table 1) (Table 2 ). The frequency of the (CAG)25 repeats in the BC group was significantly higher than that in the control group (P = 0.033, OR = 1.790, 95%CI = 1.044-3.069). Table 1 . Association of AR gene (CAG)n repeats with breast cancer risk.
Short (S) ≤22 repeats; long (L) ≥22 repeats. AR = androgen receptor; OR = odds ratio; CI = confidence interval. 
DISCUSSION
In previous studies, ER and PR expression was demonstrated to be associated with good prognosis of women with BC (Samaan et al., 1981; Carey et al., 2006) . Recently, the roles of androgens and AR in predicting prognosis of BC and as therapeutic targets in BC have been examined (Schippinger et al., 2006; Hu et al., 2011) . The present study examined the association of the AR gene with human BC.
AR is located on the X chromosome (Xp11-12). In breast epithelial cells of women, only one of two AR alleles is expressed, whereas the other is inactivated. Thus, the cells are only affected by a single "active" AR allele. BC is clonal, and each cancer should have a single allele consistently activated. Shan et al. (2000) demonstrated that the active allele is lost in all BC. The AR gene contains a highly polymorphic trinucleotide repeat (CAG)n in the first exon that encodes a glutamine tract. It has been hypothesized that the shorter the length of this tract, the greater the affinity of androgens to the AR and the greater the resulting androgenic effects (Kazemi-Esfarjani et al., 1995; Tut et al., 1997) . Although the length of this tract varies between individuals, it is typically in the range of 9-32 repeat units. Involvement of the AR in breast tumorigenesis has been suggested by the existence of inactivating germline mutations in the AR hormone-binding domain in male patients with breast cancer (Wooster et al., 1992; Lobaccaro et al., 1993) , and by splice variants that disrupt the transactivation domain in female breast tumors and tumor cell lines (Zhu et al., 1997) . Terry et al. (2005) reported that women with two long AR alleles (≥22 CAG repeats) had an increased risk of ovarian cancer compared with those with two short alleles (<22 CAG repeats). However, the results from similar analyses have varied depending on the population and sample size (Sasaki et al., 2003; Rodriguez et al., 2006) . In this study, CAG repeat numbers ranged from 14 to 31 in the samples, and the frequency ranged from 0.339 to 24.460%. The dominant allele was (GT)22. No association was found between BC and the S/L (CAG) variants. This result is consistent with a previous study investigating the association between AR CAG repeats and BC. In a study of 368 Australian patients diagnosed before the age of 40 years and 284 controls (Spurdle et al., 1999) , no association between the risk of BC and (CAG)n polymorphisms was found. When women from families with breast/ovarian cancer were examined in a case-only analysis, no association was found between (CAG)n repeat length and age at diagnosis or tumor type (Menin et al., 2001) . A study of 508 patients and 426 controls from Britain showed no association (Dunning et al., 1999) . Overall, we also did not observe any significant association between the CAG repeat polymorphism and BC risk.
The most intriguing finding of the present study is the association of the long AR alleles with BC. The frequency of the (CAG)25 repeats in the BC group was significantly higher than that in the control group. Haiman et al. (2002) assessed (CAG)n in a larger number of patients and controls, the vast majority of whom were postmenopausal, and found little evidence of an association in the aggregate. However, they did find an increased BC risk in the women with a first-degree family history who carried a (CAG)n allele of >22 repeats; they also presented results according to menopausal status. In their study, women carrying at least one longer allele [(CAG)n > 22] had a 3-fold increased risk of BC compared to those with two shorter alleles. Among African-American women with a first-degree family history of BC, a significant increase in BC risk was associated with carrying one or two AR long alleles. Additionally, Suter et al. (2003) found a modest increase in premenopausal BC risk associated with a repeat length of >22 units. There therefore appears to be a continuous gradient of risk associated with alleles of different sizes. Although our P was significant when a cut-point of 25 CAG units was used, this reflects the power of the study. In summary, our results further support that longer CAG repeats might increase the risk of BC, at least among some groups of women.
In conclusion, the long alleles of the CAG repeat polymorphism in AR were found. These finding encourage future efforts in searching for functional polymorphisms within and close to the AR gene using a systemic approach in a larger sample.
